Background: Angiopoietin related growth factor (AGF) is a liver derived factor that potently antagonizes obesity and insulin resistance (IR). Aim: The objective of this work is to determine AGF serum levels and evaluate its relationship with total testosterone (TT), calculated free testosterone (cFT), sex hormone binding globulin (SHBG), insulin and IR in normal weight and obese men. Subjects: A total of 60 men were included: twenty normal weight subjects with body mass index (18.5-24.7 kg/m 2 ) and 40 obese men with BMI (30-39.5 kg/m 2 ). Methods: Serum AGF was measured by enzyme linked immunosorbent assay. Serum TT, SHBG, and insulin were analyzed by chemiluminescent immunoassay. Results: Angiopoietin related growth factor was significantly lower in the obese group as compared with normal weight group. In all subjects, AGF correlated positively with TT and SHBG and negatively with 2 h oral glucose tolerance test (OGTT) glucose and fatty liver index (FLI). In normal weight group, AGF correlated positively with age, SHBG, fasting insulin, HOMA-IR, AST and Abbreviations: AGF, angiopoietin related growth factor; FLI, fatty liver index; MAPK, mitogen activated protein kinase; PPARs, peroxisome proliferator activated receptors; PGC-1a, peroxisome proliferator activated receptor ! coactivator 1a.
Introduction
Obesity -a condition of excess adipose tissue in the bodyis emerging as an important cause of adverse health outcomes. It is a worldwide epidemic that continues to grow at an alarming rate. It has been postulated that in addition to increased food intake, 1 defective biochemical pathways involved in energy expenditure may contribute significantly to obesity. 2 Angiopoietin-related growth factor (AGF), also known as angiopoietin-like protein 6 (Angptl 6), is secreted predominantly from the liver into the systemic circulation. Data provide very compelling evidence that AGF is a powerful modulator of energy metabolism and adiposity. 3 In animal experiments, AGF increased energy expenditure and improved insulin sensitivity and lipid profiles. 4, 5 It has been proposed that AGF stimulates fat burning in peripheral tissues through the activation of p38 mitogen activated protein kinase (MAPK) pathway and downstream effects on respiration and gene expression linked to mitochondrial uncoupling and energy expenditure. 4 It was also reported that AGF suppresses gluconeogenesis via the activation of phosphoinositide 3-kinase/Akt signaling cascades resulting in reduced transcriptional activity of FOXO1, a key transcription factor of glucose-6-phosphatase expression. 5 Testosterone (T), the predominant sex hormone in men, is an anabolic hormone with a wide range of beneficial effects on men's health. Both animal and human studies suggest that T has favorable effects on insulin sensitivity in the male. Castration of male rats results in marked insulin resistance, which is abolished by physiological T replacement. 6 In men, low T concentrations are associated with insulin resistance and adiposity. 7, 8 In contrast, T administration to obese men with low normal T levels was associated with an improvement in insulin sensitivity. 9 It is well known that androgen mediates its biological functions by binding with a high affinity to specific androgen receptors, which are found in normal human liver, the main site of AGF expression. These androgen receptors belong to the family of nuclear receptors that act as transcription factors regulating the expression of several genes. 10 Moreover, SHBG which binds tightly to T and regulates free sex hormone bioavailability to target tissues has emerged as a stronger correlate with insulin resistance. 11, 12 The plasma membranes of various kinds of cells, including the liver, have been shown to be capable of binding specifically and with a high affinity to SHBG, mediating sex hormone signaling at the cell membrane through SHBG receptors. 13, 14 
Aim of the work
The aim of the present work is to determine AGF serum levels and evaluate its potential relationships with TT, cFT, SHBG, insulin and IR in normal weight and obese men.
Subjects
Sixty adult males, from working staff in Medical Research Institute and their relatives, age ranging between 38 and 60 years, were enrolled in this study. All participants gave their approval to participate in the study and a written consent was obtained from each subject. The Ethics Committee of the Medical Research Institute, Alexandria University, approved the study protocol and all experimental procedures were in accordance with the Helsinki Declaration of 1975, as revised in 1983.
All subjects were apparently healthy with no previous diagnosis or evidence, upon physical examination, of hypertension (BP < 130/85 mmHg), cardiovascular disease, diabetes mellitus, endocrine disorders, renal or liver impairment, and were not using any medications or supplements.
According to the WHO criteria for definition of obesity on the basis of body mass index (BMI), subjects with BMI (18.5-24.9) were included in the normal weight group (n = 20) and those with BMI (30-39.9) were included in the obese group (n = 40).
Methods
All the studied participants were subjected to:
Anthropometric measurements
Body mass index (BMI) was calculated as weight in kilograms divided by square of the height in meters (kg/m 2 ). In addition, waist and hip circumferences were measured and the waist to hip ratio (WHR) was then calculated. 
Laboratory investigations

Statistical analysis
Statistical analysis was performed using SPSS software. Normality was assessed by the Kolmogorov-Smirnov test. Data were described as (mean ± SD) or median (range). Differences between groups were analyzed with unpaired Student's t-test, or Mann-Whitney U test for normally and non-normally distributed parameters, respectively. Pearson's and Spearman Rank correlation coefficients were calculated to evaluate the inter-variable associations. To adjust the effects of covariates and identify independent relationships, multiple linear regression analysis was performed. Covariables were added to the models either because they were identified as significantly associated with AGF or SHBG in this study, or because they had been previously described as determinants for AGF or SHBG. The predictors which caused multicolinearity problems were omitted. Variables that were not normally distributed such as age, SHBG, and FLI, were log-transformed to approximate normal distributions. A value of P < 0.05 was considered as statistically significant for all analyses.
Results
The clinical and metabolic variables of normal weight (n = 20) and obese groups (n = 40) are shown in Table 1 . Obese men had significantly higher anthropometric indices (BMI, waist circumference, and WHR), fasting and 2 h OGTT glucose, fasting insulin, HOMA-IR, lipid profile (TC, LDL-C and TG) and liver parameters (ALT, GGT and FLI) than those of normal weight men. Serum levels of AGF, TT, SHBG, QUICKI and HDL-C were significantly lower in the obese group as compared with normal weight group. No significant differences among the normal weight and obese group as regard age, cFT and AST were detected. The correlations between serum AGF levels and other clinical and metabolic variables are shown in Table 2 . When all subjects were considered for analysis (n = 60), AGF serum levels correlated positively with TT and SHBG and negatively with BMI, waist circumference, WHR, 2 h OGTT glucose, TC, LDL-C, TG, ALT and FLI. In normal weight group (n = 20), AGF serum levels correlated positively with age, SHBG, FI, HOMA-IR, AST and ALT, and negatively with BMI, TC, LDL-C. In the obese group (n = 40), AGF correlated positively with BMI and negatively with TG. To determine factors affecting serum AGF levels, multiple linear regression analysis was performed. The model included AGF (as a dependent variable) and age, SHBG, FG, FI, TC and TG (as independent variables). As shown in Table 3 , SHBG and fasting glucose were positive, while TC and TG were negative predictors of AGF serum levels.
(R 2 = 31.5, F = 5.51, P < 0.0005).
The correlations between serum TT, cFT and SHBG and other clinical and metabolic variables, in all studied subjects (n = 60), are shown in Table 4 . Total testosterone correlated positively with SHBG and both correlated positively with AGF and QUICKI, and negatively with BMI, WC, FG, fasting insulin, HOMA-IR, TC, LDL-C, and FLI. Sex hormone binding globulin also correlated significantly and positively with HDL-C and negatively with ALT and GGT. As regards cFT, no correlations were detected except a significant positive correlation with TT. Multiple linear regression analysis was performed to evaluate the degree to which age, fasting glucose, fasting insulin, AGF, FLI and TG predicted SHBG. As shown in Table 5 , age was positive whereas fasting insulin and FLI were negative predictors of SHBG serum levels (R 2 = 54.4, F = 12.74, P < 0.0005). In addition, FLI correlated positively and significantly with FI and HOMA-IR in both the normal weight group, FI (r s = 0.532, P = 0.01), HOMA-IR (r s = 0.594, P = 0.006) and in obese group, FI (r s = 0.580, P < 0.001), HOMA-IR (r s = 0.564, P < 0.001).
Discussion
Deposition of excess fatty acids into fat cells in the form of triglycerides is the biochemical basis of obesity, thus any imbalance in food intake and energy utilization may result in obesity. This homeostasis is complex and is regulated by a multitude of poorly understood metabolic and endocrine factors. 19 Angiopoietin-related growth factor is a liver derived circulating factor that counteracts obesity and related insulin resistance through increased energy expenditure. 4 Both visceral and subcutaneous fat depots were significantly increased in AGF-deficient mice, and sections of white adipose tissue from these mice showed increased adipocyte size relative to those from wild-type mice. Furthermore, a large amount of lipid accumulation in liver and skeletal muscle was observed in AGF-deficient mice. Whereas no increase was observed in daily food intake in AGF-deficient mice compared with wild-type mice, it was suggested that inactivation of AGF in vivo leads to decreased energy expenditure and obesity. 4 Human studies showed that serum AGF levels were paradoxically higher in subjects with metabolic syndrome and diabetes than in healthy groups. 20, 21 It has been suggested that the up regulation of AGF might be a compensatory mechanism that partly limits hyperglycemia in humans.
In the present study, all participants had normal glucose tolerance. Our results revealed that AGF serum levels and insulin sensitivity index (QUICKI) were significantly lower while fasting insulin and HOMA-IR index were significantly higher in obese as compared to normal weight group. Furthermore, anthropometric indices (BMI, WC, and WHR) were significantly higher in the obese group and correlated negatively with AGF serum levels in all studied subjects. These results confirm the physiological role of circulating AGF suggested in antagonizing obesity. 4 Several studies indicate that skeletal muscle regulates energy expenditure, mediated by PPARs (PPARa, PPARd, and PPAR!) and their coactivators (PGC-1a and PGC-1b) which govern the expression of major enzymes of oxidative phosphorylation. 22, 23 Significant decreases in the expression of the genes encoding PPARd and PGC-1a in skeletal muscle in AGF null mice, and increases in the expression of PPARa, PPARd and PGC-1a in skeletal muscle of AGF transgenic mice were indicated. 4 It was stated that over expression of AGF in vivo activates molecules involved in stimulating energy expenditure, and thereby leads to decreased adiposity. Moreover, Oike et al. 4 also reported that AGF protein enhances phosphorylation of p38 MAPK, which in turn, improves the stability and activation of PGC-1a protein and increase in energy expenditure. 24 It should be noted that, in people who are not significantly physically active, 60-75% of total energy expenditure is consumed as the resting metabolic rate (RMR), which can significantly affect weight gain or weight loss. 25 In a study by Mirzaei et al. 26 they detected significantly higher levels of RMR/kg in subjects with higher circulating AGF concentration and conversely lower levels of RMR/kg in those with lower circulating AGF concentration in which 72.3% of them were obese (BMI P 30).
In addition to its effect on energy expenditure, convincing evidence has also presented that AGF potently antagonizes insulin resistance. One mechanism whereby AGF affects insulin sensitivity is inhibition of abnormal lipid stores in insulin target tissues. It was found that even on a high fat diet, AGF transgenic mice are protected against hepatic and muscle steatosis resulting in the maintenance of insulin sensitivity. 4 It was reported that AGF activates p38 MAPK 4 which plays a critical role in lipid metabolism in the liver as it has an inhibitory role in hepatic lipogenesis. 27 In humans, hepatic lipogenesis is strongly associated with fatty liver. 28 This could explain the significantly higher FLI detected in the obese group which correlated negatively with AGF serum levels and positively with fasting insulin and HOMA-IR in all studied subjects.
Angiopoietin-related growth factor could also affect insulin sensitivity by inhibiting gluconeogenesis. In an in vitro study by Kitazawa et al. 5 , AGF was reported to suppress glucose production in rat hepatocytes in a concentration dependent manner through reduced expression of glucose-6-phosphatase. This partially accounts for insulin sensitizing effect of AGF. Thus a lower AGF serum level may suggest over expression of glucose-6-phosphatase in liver which is sufficient to perturb whole glucose and lipid homeostasis. 29 Our results revealed that, fasting and 2 h OGTT glucose, TC, LDL-C and TG were all significantly higher while HDL-C was significantly lower in obese as compared to normal weight group. Moreover, significant negative correlations were detected between AGF serum levels and 2 h OGTT glucose, TC, LDL-C and TG in the total sample. These results are in accordance with those of Mirzaei et al. 26 , who demonstrated significant improvement of lipid profile in those with higher levels of AGF.
Contradictory to our results, Kadmatsu et al. 3 , found that AGF serum levels are elevated in diet induced obese mice and in obese humans; they considered that although the normal production of AGF from liver may be up regulated to counteract weight gain and promote insulin sensitivity, the effect of AGF might also be attenuated in the obese state and does not reverse obesity at all. Moreover, in diabetic patients 21 AGF serum levels correlated positively with BMI and the authors suggested that AGF antagonizes IR before the onset of disease but is no longer an effective antagonist after the disease is manifest. It was suggested that AGF resistance may be attributed to decreased AGF sensitivity and impaired receptor or post receptor signaling in its target tissues. 20, 21 Interestingly, our results revealed that, AGF serum levels significantly and positively correlated with fasting insulin and HOMA-IR in normal weight men. This up regulation of AGF may be a physiological response to counteract insulin resistance and compensate for disturbed metabolic profile, prevent weight gain and dyslipidemia as noticed by the significant negative correlations detected between AGF serum levels and BMI, TC and LDL-C in normal weight men. This is in coincidence with the significant positive correlation detected in normal weight group between AGF serum levels and ALT, an index of worsening of metabolic factors 30 and an early marker of insulin resistance. 31 In the obese group, no such correlations were detected; only TG serum levels correlated negatively with AGF serum levels, while BMI correlated positively with AGF suggesting disturbed physiological homeostasis, or a sort of AGF resistance as previously suggested. 20, 21 In accordance with previous studies 7, 8, 32 , the present study detected significantly lower levels of TT and SHBG in the obese group as compared with normal weight group, and both correlated positively with QUICKI and negatively with BMI, WC, FG, and fasting insulin, HOMA-IR, TC and LDL-C. Calculated FT, which serves as a stronger marker than TT for androgen deficiency in males, showed no significant difference between both groups and it correlated only with TT. Total testosterone and SHBG both correlated positively and significantly with AGF serum levels. However no relationship could be detected between cFT and AGF serum levels, suggesting that SHBG may be the primary determinant of the apparent relationship between TT and AGF. Multiple liner regression analysis revealed that SHBG positively predicted AGF serum levels suggesting that SHBG signaling may regulate AGF expression in the liver and circulation.
The origin of low levels of TT in obese men is multifactorial 33 , and attributed, in part, to decreased SHBG levels. The low SHBG serum levels in obese individuals have been largely attributed to hyperinsulinemia. 34 Other investigators have suggested that insulin suppression of SHBG is nonspecific and probably reflects global reduction in hepatic protein secretion under non-physiologic experimental conditions, 35 this could also explain the lower AGF serum levels detected in the obese group. It was also suggested that excess monosaccharide consumption and levels of fasting glucose rather than elevated insulin levels are the actual determinants of liver SHBG production. 36, 37 In addition, Selva et al. 36 , have previously described the role of de novo lipogenesis in the down regulation of hepatic SHBG expression, and a strong association between fatty liver disease and low circulating SHBG levels has been reported by Peter et al. 37 This is in coincidence with our results in which SHBG correlated negatively with FG, fasting insulin and FLI. Moreover, those studies could explain the significant positive correlation detected in the present study between AGF and SHBG serum levels, as it was previously mentioned that AGF activates p38 MAPK 4 which has an inhibitory role on hepatic lipogenesis. 27 In addition, multiple linear regression analysis revealed that fasting insulin and FLI negatively predicted SHBG serum levels.
It was demonstrated that alterations in circulating levels of SHBG appear to be associated with changes in glucose homeostasis among individuals without diabetes, 38 and that low SHBG levels may precede the development of impaired glucose metabolism. 39 Moreover, lower SHBG levels predict metabolic syndrome 40 and T 2 DM, 41 independent of serum androgen levels, and the exact mechanism by which SHBG influences metabolic components remains largely unclear. The observed relationship between SHBG and AGF in the present study could clarify the unresolved controversies regarding specific mechanistic relationships between SHBG abnormalities and abnormalities in glucose homeostasis. 40, 41 The small sample size is one of the limitations of the current study. Also the cross-sectional design of the study makes interpretation of the results limited. It does not allow clarification of any cause-effect mechanism.
Conclusion
The present results revealed for the first time an association between SHBG and AGF. Considering the findings of the present study together with previous observations, it could be suggested that SHBG and AGF may overlap to regulate metabolic homeostasis and that the disturbed relationship between them could contribute to the pathogenesis of insulin resistance and obesity. Prospective studies with large sample identifying more in depth the relationship between SHBG and AGF would be an important area for future research. The benefits of AGF administration in obese subjects are to be defined by large and long clinical trials.
